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Abstract 
In high-rise building fire, smoke is the main cause of fire spreading and casualties. As a necessary evacuation route, it’s very important 
for both evacuation and firefighting to ensure the effectiveness of smoke exhaust in corridor. While in mechanical exhaust system in 
corridor, the height of the exhaust port is a main factor that influences the smoke exhaust effect. FDS software was used in this paper to 
carry on the numerical simulation. Smoke exhaust effect under different working conditions were studied through comprehensive analysis 
of the smoke layer temperature and visibility in annular corridor with different mechanical smoke exhaust port height. Results show that 
installation height of the mechanical smoke exhaust port has some influence on smoke layer temperature and visibility. With the lower of 
the installation height of mechanical smoke exhaust port, smoke layer temperature at 1.5m height of corridor rises gradually, and visibility 
reduces gradually. All above can provide some reference for designing mechanical exhaust system in ring corridor of high-rise buildings. 
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1. Introduction 
With the rapid development of our economy and society, urbanization was accelerated gradually, high-rise building has 
been developed rapidly, too. According to incomplete statistics, there has been more than 162000 high-rise buildings in our 
country, including 1500 super high-rise buildings, of which the building height is more than 100m [1]. In this kind of site, 
personnel and property is highly concentrated, and its fire risk is very big, so in the event of a fire, it’s very easy to cause 
great loss. In recent years, high-rise building fires often occur at home and abroad. For example, on February 9, 2009, the 
fire of CCTV new site under construction caused one killed and eight wounded; On August 28, 2010, the fire of Shenyang 
Vega Wanda sales department killed 11 people, and the teachers’ apartment building fire in Shanghai Jing’an District led to 
tragic outcome the same year in November; In December 2013, the Guangzhou company building broke out of a fire; In 
February 2015, the Dubai marina torch building fire caused enormous losses [2-4]. Research data show that the high 
temperature and toxicity of smoke are the main causes of casualties in a fire, and also important factors to accelerate fire 
spread [5-8]. As an inevitable evacuation route, it is of great importance to ensure the effectiveness of smoke exhaust in 
corridor for both evacuation and firefighting. However, with the large scale and multiple functional development of high-
rise buildings, their corridors are no longer a single elongated aisle, more and more special forms of corridors have 
gradually appeared, such as L, H shape, circular corridor and so on [9-11]. Thus, larger challenges in smoke exhausting of 
corridor are put forward.  
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Mechanical smoke extraction in such corridor of high-rise building is the most common and effective way of smoke 
exhaust. At present, a large number of research for mechanical smoke exhaust of long channel such as evacuation corridor 
have been conducted by scholars both at home and abroad. Among them, Professor Cheng-yin Jing [12] studied exhaust 
port number in bar aisle using FLUENT software, the results show that at the condition of certain smoke extraction volume 
and smoke vent area, smoke exhaust effect of several small smoke vents is better than of one big smoke vent. Jie Ji [13] 
researched on tunnel mechanical smoke extraction through small size simulation test, it is concluded that the number and 
position of exhaust port depend on the opening form of long channel, not more uniform distribution and more vents lead to 
better smoke exhaust effect. Sheng Dai [14] studied using FLUENT software and drew a conclusion that setting the exhaust 
ports in corners of ring corridor can play a better effect of smoke exhaust. Xu-dong Qiu [15] studied the mechanical smoke 
exhaust in ring corridor and concluded that compared with the amount of smoke, the position and number of exhaust port 
play greater roles in smoke exhaust effect, besides, exhaust port should be as far as possible away from the exit. In addition, 
Delichatsios, Kim, Hinkley et al. also conducted research on smoke flow in long channel, some of whom obtained 
calculation formula of related parameters [16-19]. But in general, the research on mechanical smoke extraction in corridor is 
mostly aimed at bar aisle and mostly focused on the mechanical exhaust rate and number of smoke exhaust port, etc., the 
study of ring corridor and exhaust port height is relatively insufficient. Relevant provision about mechanical smoke 
extraction of high-rise building can be found in current Fire Code, but it is most about the minimum and maximum exhaust 
smoke volume of mechanical exhaust system, wind speed at smoke vent, distance from smoke vent to exit and so on, while 
few about specific settings of mechanical exhaust vents, and no explicit stipulation about its specific installation height, 
either. In addition, the investigation showed that general building codes are often used to refer to the aisle smoke exhaust 
design at present stage in our country, which does not consider the particularity of ring corridor. Therefore, the height of the 
mechanical smoke exhaust port will be researched in this paper through numerical simulation with FDS software. Smoke 
exhaust effect under different working conditions were studied through comprehensive analysis of the smoke layer 
temperature and visibility in annular corridor with different mechanical smoke exhaust port height, which can provide 
certain reference for practical engineering, at the same time for the revision of correlation parameter in Code for building 
smoke control and smoke management system. 
2. Building model 
2.1. The physical model 
A high-rise building with ring corridor was selected as the research object to explore the effects of height of the 
mechanical exhaust vents on the effectiveness of smoke extraction. The building is 30 meters high with 3 meters high each 
layer. As a core tube type high-rise building, the ring corridor is located inside the building, without any direct external 
openings. The long side and short side of the ring corridor is 16.5m and 9.5m respectively, their width are 2.1m uniformly. 
Architectural layout is shown in figure 1. There is a common antechamber shared by stairwell and elevator, of which the 
door is 1.6m wide and 2.1m high. A security exit to where outside the building is set on the first floor, and the fire room is 
set on the third floor far away from the front room door direction, with its door opened. The size of fire room is 6.0m 
(length), 4.2m (width), 3m (height), and its door is 0.9m wide and 2.1m high. Besides, all other doors and windows on this 
floor are set to close. To simplify the model, physical model of fire floor is only builded in this paper as shown in figure 2. 
 
  
Figure 1.  Architectural layout Figure 2.  Physical model of fire floor 
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Figure 3.  Setting of measuring points and smoke exhaust vents 
2.2. Operating condition designing 
(1) Set smoke exhaust volume 
According to the require specified in Clause 5.2.2.4 in Code for building smoke control and smoke management system 
(Songshengao), when mechanical smoke evacuation is only needed to be set in the hallway or corridor in public buildings, 
mechanical smoke exhaust volume should not be less than 13000 m3/h. Based on this, through the computation and 
comparison, the mechanical smoke extraction volume of the corridor was finally set as 13000 m3/h , and wind speed of 
smoke exhaust vents was set to 6 m/s. 
(2) Set smoke exhaust vents 
In this paper, total area of mechanical smoke exhaust port was determined according to the mechanical smoke exhaust 
volume and the wind speed of smoke exhaust vents. And then, four mechanical smoke exhaust port with the same size were 
set up, of which the size was all 400mm wide and 400mm high. As shown in figure 3, the four exhaust ports are decorated 
in the ring corridor uniformly, and their serial number clockwise from close to the fire room are PY1, PY2, PY3, and PY4 in 
sequence. 
(3) Set fire source 
According to the require specified in Clause 5.2.4 in Code for building smoke control and smoke management system 
(Songshengao), for those office, guest room and aisle equipped with the spray system, the fire heat release rate should be set 
to 1.5MW. So the heat release rate is set to 1.5MW, and the fire type is set as rapid growth fire with growth coefficient of 
0.04689kW/m2, considering the fire characteristics.  
(4) Set measuring point  
As we know, evaluation indexes commonly used in fire hazard analysis are height and temperature of smoke layer, 
visibility in fire scene, and the concentration of toxic components in flue gas and so on. In this paper, visibility and 
temperature of smoke layer at 1.5 meters in height were selected as evaluation indexes to make comparative analysis on the 
smoke exhaust effect. In the FDS model, 22 points were set uniformly in the horizontal plane at 1.5m height of the circular 
corridor. As shown in figure 3, the measure point most closed to the fire room is numbered as point 1, the rest of the points  
are numbered as point 2-22 in turn clockwise. There are also nine vertical temperature measuring point at different positions 
in the corridor measuring the height change of smoke layer.  
(5) Set working condition  
According to Clause 4.3.12 in Code for building smoke control and smoke management system (Songshengao), exhaust 
port in corridor should be set over half of its clear height, when installed in side walls, the distance from its nearest edge to 
ceiling should not be more than 0.5 m. Based on this, 6 groups of simulation conditions were set up in the paper by 
changing the height of exhaust port. Specific operating conditions are shown in table 1. 
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Table 1. Setting of operating conditions 
Scene Distance from top edge of exhaust port to ceiling˄m˅ Fire power˄MW˅ Simulation time˄s˅ 
Condition 1 0 1.5 600 
Condition 2 0.1 1.5 600 
Condition 3 0.2 1.5 600 
Condition 4 0.3 1.5 600 
Condition 5 0.4 1.5 600 
Condition 6 0.5 1.5 600 
 
3. Analysis and discussions 
In the simulation analysis, if just one data at some point in time is chosed to characterize the effect of the mechanical 
smoke extraction of whole process, it can cause great errors, due to the nonstationarity of fire development. It was found 
that parameter indexes gradually tended to become stable when the simulation time reached 500s. Thus, the average value 
of 550s to 600s was finally chosed to analyse parameters in corridor such as temperature and visibility.  
3.1. Analysis of smoke spread  
Qualitative analysis of efficiency of smoke ventilation in ring corridor was carried out by observing the smoke spread in 
corridor the same time under different working conditions. As shown below, smoke spread in corridor at 300s under 
different working conditions is shown in figure 4, and the distribution of smoke layer at 300s under different working 
conditions is shown in figure 5. 
 
 
  
(a) 0m distance from top edge of exhaust 
port to ceiling 
(b) 0.1m distance from top edge of exhaust 
port to ceiling 
(c) 0.2m distance from top edge of exhaust 
port to ceiling 
   
(d) 0.3m distance from top edge of exhaust 
port to ceiling 
(e) 0.4m distance from top edge of exhaust 
port to ceiling 
(f) 0.5m distance from top edge of exhaust 
port to ceiling 
Figure 4. Smoke spread in corridor at 300s under different working conditions 
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(a) 0m distance from top edge of exhaust 
port to ceiling 
(b) 0.1m distance from top edge of exhaust 
port to ceiling 
(c) 0.2m distance from top edge of exhaust 
port to ceiling 
   
(d) 0.3m distance from top edge of exhaust 
port to ceiling 
(e) 0.4m distance from top edge of exhaust 
port to ceiling 
(f) 0.5m distance from top edge of exhaust 
port to ceiling 
Figure 5. Distribution of smoke layer at 300s under different working conditions 
As shown in figure 4, when the distance from top edge of exhaust port to ceiling is 0m, the concentration of flue gas is 
relatively thin in annular corridor, and only a small amount of flue gas gets into the front room and stairwells through the 
lobby door in corridor Y1. When the distance from top edge of exhaust port to ceiling increases to 0.1m, concentration of 
flue gas in corridor increases slightly, and the smoke volume gotten into the front room and stairwells also increased. With 
the distance from top edge of exhaust port to ceiling increasing, both concentration of smoke in corridor and smoke volume 
gotten into the stairwells increased gradually. Especially when the distance reaches 0.4m or 0.5m, not only the corridor but 
also the stairwells are full of dense smoke. 
General phenomenon about smoke layer can be observed in figure 5. It is observed that when the distance from top edge 
of exhaust port to ceiling is 0m, thickness of smoke layer is relatively thin in corridor, and there is a small amount of smoke 
accumulated at the corner of corridor X1 and corridor Y1. As the distance increased to 0.1m-0.3m, thickness of smoke layer 
increases slightly, but not too obvious. But at the distance of 0.4m and 0.5m, the smoke layer in corridor thickened 
obviously. However, overall, height of smoke layer under different working conditions are roughly located at the height of 
1.5m to 2m, only rough conclusion can be drawn about effect of smoke exhaust under different working conditions. The 
specific quantitative analysis will be conducted through temperature and visibility of smoke layer in the following 
discussion. 
3.2. Analysis of smoke layer temperature 
In this article, smoke layer temperature at the height of 1.5m was selected as one of the important indicators to evaluate 
the effect of smoke exhaust. Smoke temperature measured at each point after the smoke layer reached a steady is shown in 
figure 6.  
From the data reflected in figure 6, it’s found that the temperature of smoke layer at 1.5m in height under different 
working conditions increased after a decrease and then decreased subsequently from point 1 to point 22 in turn. It can be 
observed that temperature in corridor Y1 and corridor X2 far away from the fire room is higher than that of corridor X1 and 
Y2 nearby through analyzing the measuring points corresponding to the location in the ring corridor. Besides, temperature 
in the corner is higher than the other part of the corridor, dueling to the obstruction of wall to the smoke flow.  
 
It’s analyzed that temperature in corridor becomes higher and higher with the height of smoke vent getting lower. When 
the distance from top edge of exhaust port to ceiling is 0m, temperature in corridor is the lowest with an average 
temperature at about 330K and a highest temperature of measuring point at about 348K. When the distance is increased to 
0.1m and 0.2m, their average temperature in corridor are similarly closed to 335K, but the latter is a little higher than the 
former. As the distance increased to 0.3m, the average temperature increases to about 340K. Especially when the distance 
reached 0.4m and 0.5m, the average temperature both heightened significantly to around 345K with the latter a little higher. 
The highest temperature of measuring point at 0.4m distance can reach 358K, and it’s over 363K at the distance of 0.5m. 
What’s more, compared to the distance of 0m, temperature in most part of corridor at the distance of 0.5m is 15K or higher 
than the former. If the temperature does not exceed 333K at the 1.5 m height is chased as safety criterion, safe area in 
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circular corridor is the largest at 0m distance. While if the distance to ceiling is greater than 0.3m, most part of the corridor 
will in danger. 
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Figure 6. Temperature of smoke layer measured at each point at 1.5m in height under different working conditions 
3.3. Analysis of visibility 
In this section, visibility at the height of 1.5m was selected as an important indicators to evaluate the effect of smoke 
exhaust. Visibility of smoke layer measured at each point after the smoke layer tended to be stable is shown in figure 7. 
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Figure 7. Visibility of smoke layer measured at each point at 1.5m in height under different working conditions 
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From the distribution of visibility shown in figure 7, it’s found that the visibility at 1.5m in height under different 
working conditions decreased after an increase and then rised slowly from point 1 to point 22 in turn. Corresponding to the 
location of the measuring points in ring corridor, it is showed that in corridor X1, visibility is higher in the middle than that 
at the end. Visibility in corridor Y1 and X2 is comparatively low, while it increased slightly in corridor Y2.  
By comparing the visibility under different working conditions, it is concluded that when the distance from top edge of 
exhaust port to ceiling is 0m, the whole visibility in corridor is the highest with average visibility at about 4 m and a highest 
visibility of measuring point at about 5.8m. With the height of smoke vent getting lower, the visibility reduced gradually. As 
the distance to ceiling increased to 0.1m or 0.2m, their visibility sharply dropped to 3.4m similarly, and the highest visibility 
dropped to around 5m. With the distance at 0.3m to 0.5m, average visibility is the lowest at nearly 3m. Especially when the 
distance reached 0.5m, the highest visibility in corridor is less than 4m, and the lowest visibility can low to 2m, which 
seriously affect the safety evacuation.   
 
4. Conclusion and prospect 
Smoke exhaust effect under different working conditions were studied through comprehensive analysis of the smoke 
layer temperature and visibility in annular corridor with different mechanical smoke exhaust port height by FDS numerical 
simulation in this paper. It can be concluded as follows: 
(1) From the smoke spread, it is observed that with the height of smoke vent getting lower, smoke in annular corridor will 
become thicker, and smoke volume getting into the front room and stairwells will increase gradually. 
(2) Comparatively speaking, temperature in corridor Y1 and X2 far away from the fire room is higher than that of corridor 
X1 and Y2 nearby; while visibility in corridor Y1 and X2 is lower than that in X1 and Y2. And the temperature in the 
corner is higher than the other part of the corridor. 
(3) It’s analyzed that temperature in corridor becomes higher with the height of smoke vent getting lower. When the 
distance from top edge of exhaust port to ceiling is 0m, temperature in corridor is the lowest with an average 
temperature at about 330K and a highest temperature at about 348K. When the distance is increased to 0.1m and 0.2m, 
their average temperature in corridor are similarly closed to 335K. Especially when the distance reached 0.4m and 0.5m, 
the average temperature both heightened significantly to around 345K; the highest temperature at 0.4m distance can 
reach 358K, and it’s over 363K at the distance of 0.5m, in which case most part of the corridor will in danger. 
(4) With the height of smoke vent getting lower, the visibility reduced gradually. When the distance to ceiling is 0m, 
visibility in corridor is the highest with average visibility at about 4 m and a highest visibility at about 5.8 m. As the 
distance increased to 0.1m or 0.2m, their visibility sharply dropped to 3.4 m similarly, and the highest visibility dropped 
to around 5m. With the distance at 0.3m to 0.5m, average visibility is the lowest at nearly 3m. Especially when the 
distance reached 0.5m, the highest visibility in corridor is less than 4m, and the lowest visibility can low to 2m, which 
seriously affect the safety evacuation. 
 
Overall, numerical simulation has only been used to study the effect of mechanical smoke extraction, which is in a 
relatively closed ideal condition. Therefore, influence of installation height of mechanical smoke exhaust port on smoke 
exhaust effect still remains to be further experiment. 
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